Abstract. Several epidemiological studies have indicated the presence of asymptomatic infections with Leishmania donovani in the Indian subcontinent, where parasite transmission is considered anthroponotic. In India, such asymptomatic Leishmania cases have been identified in the state of Bihar. We explored here, the presence of asymptomatic Leishmania infection among healthy individuals living in two districts in the state of West Bengal, India, using serological and molecular tests. Blood samples of 246 healthy individuals were collected from nine villages of Malda and Murshidabad districts in West Bengal, considered endemic for visceral leishmaniasis (VL). Real-time quantitative polymerase chain reaction (qPCR) was performed for the quantification of parasite load in the blood. In addition, two serological tests were carried out to demonstrate anti-Leishmania antibodies: rK39 strip test and anti-total soluble Leishmania antigen IgG using enzyme-linked immunosorbent assay method. Nearly one-fifth (53/246) of the screened population was positive in qPCR as against 10.97% (27/246) positive in rK39 strip test. A range of parasite load was observed in the blood of identified asymptomatic Leishmania cases with a median value of 7.7 parasites/mL (range = 1-65). There was poor agreement between qPCR and serological tests (κ = 0.089, P = 0.13), and 29.62% and 20.54% of the population were qPCR positive in seropositive and seronegative groups, respectively. Combined molecular and serological tests enhanced the capacity to detect asymptomatic Leishmania infection in healthy individuals residing in the endemic areas of VL. A significant proportion of asymptomatic Leishmania individuals was detected in the examined endemic regions of West Bengal that might play a role in promoting VL transmission.
INTRODUCTION
Visceral leishmaniasis (VL) or kala-azar is the severest form of leishmaniasis, characterized by irregular bouts of fever, splenomegaly with or without hepatomegaly, anemia, and weight loss. VL is highly endemic in the Indian subcontinent and East Africa, and over 90% of VL incidence have been reported from six countries: India, Sudan, South Sudan, Brazil, Ethiopia, and Nepal. 1 Of approximately 0.2-0.4 million new cases of VL that occur annually, nearly 10% succumb to the disease. 1 Besides, in the areas endemic for Leishmania donovani, post-kala-azar dermal leishmaniasis (PKDL), a dermal sequel of VL, develops in 5-15% of recovered VL individuals in the Indian subcontinent, as against 50-60% cases in Sudan. [2] [3] [4] [5] In India, VL has been one of the major health issues in the state of Bihar, and the adjoining states such as West Bengal, Uttar Pradesh, and Jharkhand. 6 The most affected region for VL is the state of Bihar where 31 of 38 districts, followed by West Bengal with 12 of 20 districts, are considered endemic for VL. 7 Overall, 52 districts in India, 45 in Bangladesh, 12 in Nepal, and four in Bhutan are affected. 8 In the Indian subcontinent, the transmission of VL is anthroponotic. 9, 10 Hence, the cases of active VL and PKDL could serve as a reservoir of L. donovani, especially during the inter-epidemic period 11 ; therefore, a better management of the disease is warranted. In addition, a majority of the Leishmania-infected human population do not develop into full-blown VL cases and are categorized as asymptomatic Leishmania cases [12] [13] [14] and such cases may have a role in maintaining transmission dynamics of Leishmania infection. 15, 16 This threat is further supported by fact that parasites could be cultured from the blood of healthy donors 17 and such cases could be infective. However, the knowledge of the magnitude of the asymptomatic Leishmania cases present in an endemic area is difficult to assess. Few studies have reported the presence of asymptomatic Leishmania cases in the VL-endemic areas of the state of Bihar, India, 14, 18, 19 in the range of 11-34%. Similarly, there could be a high probability of the presence of asymptomatic Leishmania infection in the state of West Bengal, another VL-endemic region in India. VL elimination from the Indian subcontinent has been a long-term goal with three major time frames documented. The first VL elimination time frame that ended in 2015 was to monitor the progress that has been made. The second time frame has been set until 2017 to eliminate VL as a public health problem with commitment from governments of Indian subcontinent and managers of various VL elimination programs; and the third, as part of the London declaration on neglected tropical diseases, is to eliminate tropical diseases including VL as a public health problem in India and Bangladesh by 2020. 20, 21 Hence, given the national goal of VL elimination by the year 2020, the identification and estimation of asymptomatic Leishmania infections in VL-endemic areas are of paramount importance for formulating appropriate public health policies.
An important challenge toward the identification of asymptomatic Leishmania cases is the deployment of the appropriate, cost-effective diagnostic method that could be deployed for the large scale screening of Leishmania infection in the healthy human population residing in the VLendemic zones. Serology-based detection tests (e.g., DAT, rk39 strip/enzyme-linked immunosorbent assay [ELISA] , and western blot assays) is of limited use as it cannot differentiate individuals with present and past episode of VL, PKDL, and asymptomatic Leishmania cases. 22, 23 On the other hand, molecular diagnostic methods are highly sensitive, reliable, and rapid for the diagnosis of Leishmania *Address correspondence to Poonam Salotra, National Institute of Pathology (Indian Council of Medical Research), Safdarjung Hospital Campus, New Delhi 110029, India. E-mail: salotra@vsnl.com infection, and polymerase chain reaction (PCR)-based assays currently constitute the main molecular diagnostic approach of researchers and health professionals. 24, 25 Previous studies on asymptomatic Leishmania population were done utilizing ITS-1-based PCR, 14, 18 whereas one study was performed using TaqMan-based quantitative PCR (qPCR). 19 Here, we performed SYBR Green-based qPCR assay for the detection and quantification of Leishmania parasites in blood samples. The present study, to best of our knowledge, is the first report from the state of West Bengal, India, on serological and molecular analysis of Leishmania parasites in blood samples of healthy individuals living in VL-endemic regions, to understand the magnitude of asymptomatic Leishmania infection prevalent in the region.
MATERIALS AND METHODS
Study population. The study area covers regions from both north and south Bengal. The regions selected were the villages of Malda and Murshidabad districts, based on the high VL incidence as per government records during the 3-years period 2011-2013. These regions are considered highly endemic for VL. Individuals living in these high-endemic zones were taken as the study population. Although enrolling for the study, we randomly selected resident healthy individuals from different villages of these two highly VL-endemic districts and recorded their clinicoepidemiological data. During the period between January 2014 and December 2014, a team of physician, technician, and trained field investigators made nine field trips to different villages and clinically examined individuals for the symptoms of VL such as fever for more than 2 weeks, an enlarged spleen and/or liver and general physical conditions. A house-to-house survey was undertaken for the identification of a cohort of asymptomatic Leishmania individuals. A set of questionnaire was given to each to obtain basic information such as age, gender, nativity, history of VL and/or PKDL, and history of VL/PKDL in the family and/or neighborhood. Of 248 individuals examined, one had active VL and one active PKDL. These two cases were referred to the primary health center for their treatment and were excluded from the study; the rest 246 individuals were included in the present study. Peripheral blood samples (2-3 mL) were collected in heparinized tubes for serological and molecular analysis. A flow chart of the enrolment and the outcomes of the study population are shown in Figure 1 .
Case definition. Visceral leishmaniasis. A case of VL is an individual who presents clinical signs such as prolonged irregular fever, splenomegaly, anemia, and weight loss with serological and/or parasitological confirmation.
Post-kala-azar dermal leishmaniasis. An individual from a VL-endemic area with or without a history of VL who presents clinical features such as hypopigmented macules, indurated papular or nodular lesions on face that often disseminate to the other body parts without loss of sensation and confirmed through visualization of Leishmania amastigotes by direct microscopy in skin tissue/slit aspirates samples and/or a qPCR test for Leishmania DNA.
Asymptomatic leishmania case. Asymptomatic Leishmania cases refer to the healthy individuals from VL-endemic regions who test positive by rK39 strip test (for cases with no history of VL) and/or by qPCR assay.
The rK39 test using plasma sample. The rK39 strip test (Inbios International Inc., Seattle, WA) is an immunochromatographic test used for screening individuals for the Leishmania infection. It is specific for antibodies to L. donovani complex in patients with VL. 26 The sensitivity of the test for detection of VL in India is 99% (95% confidence interval [CI] = 95-100%), and its specificity is 89% (95% CI = 86-92%). 26 The test is cost-effective, easy, and reliable diagnostic tool for VL, but fails to discriminate between healed cases of VL, asymptomatic Leishmania, and active cases of VL and PKDL. The test was carried out as per the manufacturer's instructions. Two drops of plasma were placed at the tip of the rK39 strip, and two drops of chase buffer were added. The result of the test was observed after 10 minutes. Development of two visible (control and test) bands indicated the presence of anti-rK39 IgG.
DNA isolation. DNA was isolated from the heparinized blood using QIAamp DNA Blood Mini kit (Qiagen, Hilden, Germany) as per the manufacturer's instructions. To obtain high yield, the sample was digested overnight with proteinase K in lysis solution (Qiagen). DNA was isolated from 200 μL blood and eluted in 50 μL distilled water. All samples were processed, and DNA was stored at −80°C until use.
Real-time PCR assay. SYBR Green I-based real-time PCR was used for the quantification of the target DNA sequence as described earlier. 27 Briefly, the assay was performed using an absolute quantification method on 7500 Fast Real-Time PCR machine (Applied Biosystems, Carlsbad, CA). All samples were analyzed in triplicates. A 10 μL PCR reaction mixture was performed, containing 1 μL DNA sample, 5 pmol each of forward and reverse primer, and 1X SYBR Green I PCR Master Mix (Applied Biosystems). Cycling parameters were 50°C for 2 minutes, 95°C for 10 minutes, and 40 cycles at 95°C for 15 seconds and 60°C for 1 minute. Results were analyzed using 7500 Software v2.0.6 (Applied Biosystems) by comparing the cycle threshold (Ct) values from the samples to a standard curve, which was constructed using serial 10-fold dilutions from 10 3 to 0.1 parasite DNA per reaction. If the standard deviation (SD) between triplicates was > 0.38, the sample set was reanalyzed. The Ct value for each sample was calculated by determining the point at which the fluorescence exceeded the threshold limit. For minimizing the variability between plates, values from each plate was normalized using a common fluorescence detection baseline as obtained from standard curve analysis with the default setting. For confirmatory positive results, the samples with Ct values < 30 were considered positive.
Preparation of total soluble Leishmania antigen. Total soluble Leishmania antigen (TSLA) was prepared as described in our earlier study. 28 Briefly, promastigotes of L. donovani (MHOM/IN/80/DD8) were harvested in stationary phase, washed, and the pellet was resuspended in the lysing solution (50 mM Tris/5 mM ethylenediaminetetraacetic acid/ HCl) (1 mL of lysing solution per 10 9 parasites). After three cycles of freezing/thawing, the tube was placed on ice. Three pulses of 20 seconds at 40 W with Sonicator at 1-minute intervals were carried out. The tube was centrifuged, the supernatant was collected, and protein estimation was done by Bradford method. TSLA was stored at −80°C until further use. Detection of anti-leishmanial antibodies in plasma. Leishmania-specific antibodies were determined by ELISA as reported earlier. 29, 30 Briefly, 96-well polystyrene flatbottom ELISA plates (NUNC MaxiSorp ™ , Brandby, Denmark) were coated with 100 μL of TSLA (10 μg/mL) in bicarbonate buffer (pH 9.0) overnight at 4°C. The plates were washed and blocked with 1% bovine serum albumin for 2 hours at 37°C and washed thrice with phosphate-buffered saline containing 0.1% Tween 20 (PBST). The plates were incubated for 2 hours with plasma (1:100) from asymptomatic Leishmania, healed VL (HVL), and healthy control groups. Wells were washed thrice with PBST and incubated with horseradish peroxidase-conjugated anti-human IgG (1:5,000) for TSLA for 2 hours at 37°C. Plates were washed and orthophenylenediamine substrate (SIGMAFAST OPD, St. Louis, MO) was added to produce a color reaction. The reaction was stopped by addition of 1 N H 2 SO 4 and absorbance was measured at 492 nm using ELISA reader. All reactions were carried out at least in triplicate.
Ethics statement. The study was approved by and carried out following the guidelines of the Ethical Committee of National Institute of Pathology (Indian Council of Medical Research), Safdarjung Hospital Campus, New Delhi. All patients or their guardians (in the case of minors) provided written informed consent for collection of samples and subsequent analysis.
Statistical analysis. The data were analyzed using GraphPad Prism 5.0 software (GraphPad Software, San Diego, CA). Statistical significance was determined by nonparametric Kruskal-Wallis test followed by the post hoc Dunn multiple comparison tests for more than two groups. The correlation was calculated by Spearman rank correlation test. Agreement between rK39 strip test and qPCR assay was estimated using Cohen's κ coefficient on SPSS software (IBM, Somers, NY). The statistical tests were twotailed and P values < 0.05 were considered significant.
RESULTS
Clinical characteristics. The clinical characteristics of the study population are presented in Table 1 . The majority of cases belonged to the age group 19-44 years, followed by pediatric cases aged ≤ 18 years and the group aged ≥ 45 years (Table 1 ). In the study, 36.17% (N = 89) of individuals reported a history of VL, whereas 63.82% (N = 157) Analysis of parasite load in blood samples. Of 246 healthy individuals, 21.54% (N = 53) were found positive by qPCR for amplification of parasite DNA and therefore considered to have asymptomatic Leishmania infection. The median value of parasite load/mL of blood was 7.7 (range = 1-65). Among these, 12.82% (N = 5) were exclusively exposed to household VL contacts, and 27.11% (N = 32) had neighborhood VL and/or PKDL contacts. Overall, 81.81% (45/53) individuals living in the endemic area had come in contact with VL and/or PKDL either in the household and/or neighborhood ( Table 2) . Among these qPCRpositive individuals, 37.73% (N = 20) had parasitemia levels below 5 parasites/mL, followed by 32.07% (N = 17) individuals with parasitemia between 5 and 10 parasites/mL, 20.75% (N = 11) individuals between 11 and 25 parasites/ mL, 5.67% (N = 3) individuals between 26 and 50 parasites/ mL, and the rest 3.77% (N = 2) with parasitemia above 50 parasites/mL (Table 2) . Besides, two healthy individuals without a history of VL who reacted positive to rK39 strip test were found negative by qPCR and were categorized as asymptomatic Leishmania cases. In addition, we observed eight overlapping cases that were found positive by both qPCR and rK39 test. Also, all the 20 individuals from the nonendemic area were found negative by qPCR.
Among the total asymptomatic Leishmania group (N = 55), the mean age of male (mean ± SD = 35.36 ± 16.26) was comparable to that of female (mean ± SD = 31.41 ± 16.13). The majority of asymptomatic Leishmania cases belonged to age group19-44 years (60%, N = 33), followed by the group aged ≥ 45 years (23.63%, N = 13) and the pediatric cases aged ≤ 18 years (16.36%, N = 9) ( Table 3) .
Level of anti-leishmanial IgG. Based on results of serological and molecular tests and the history of VL, the study population was categorized into three groups-1) endemic healthy controls (EHCs): healthy individuals from VL-endemic regions who reported no history of VL and were negative by both qPCR and rK39 strip test. 2) HVL group: healthy individuals who reported a history of VL and tested negative for Leishmania DNA by qPCR. 3) Asymptomatic Leishmania group: healthy individuals from VL-endemic regions who test positive by rK39 strip test (for cases with no history of VL) and/or by qPCR assay. The host immune response was evaluated in terms of humoral anti-leishmanial IgG marker in different study groups. Plasma samples from EHCs (N = 25), HVL (N = 21), and asymptomatic Leishmania (N = 25) groups were tested for the presence of anti-TSLA IgG. Total anti-TSLA IgG was found significantly high in HVL (mean ± SD, OD 492 , 0.38 ± 0.196, P < 0.001) compared with asymptomatic Leishmania (mean ± SD, OD 492 , 0.04 ± 0.058) and EHCs (mean ± SD, OD 492 , 0.04 ± 0.027) (Figure 2 ), whereas anti-TSLA IgG level was comparable in asymptomatic Leishmania and EHCs group (P > 0.05). In addition, every individual in HVL group and 12% (N = 3) of the asymptomatic Leishmania group had anti-TSLA IgG absorbance level above cut-off (0.111). The cut-off value was calculated as mean + 3 SD of the EHCs group. Association of parasite load and anti-leishmanial immunoglobulin. The elevated level of parasite load in asymptomatic Leishmania group was measured for correlation with anti-leishmanial IgG level in plasma samples. We obtained a relatively weak negative correlation between parasite load and anti-TSLA IgG level (r = −0.229, P = 0.270) as represented in Figure 3 . Also, the study demonstrated a poor agreement between qPCR and serological tests (κ = 0.089, P = 0.13), and 29.62% and 20.54% of the study population were qPCR positive in seropositive and seronegative groups, respectively (Table 2) .
DISCUSSION
In the Indian subcontinent, humans are considered the only known reservoir for the Leishmania parasites 9, 10 ; therefore, apart from the control measures of VL, such as early diagnosis and treatment of active cases of VL and PKDL, and integrated vector management, the assessment of asymptomatic Leishmania infections in the endemic population needs attention. The study using mathematical modeling indicated that the asymptomatic Leishmania cases constitute a silent pool of parasites driving the epidemic, 12 but their infectivity to sand flies has not been yet established. In addition, several prospective studies have reported the ratio of incident asymptomatic Leishmania infections to incident clinical cases as 8.9:1 in India and Nepal 13,18 and 4:1 in Bangladesh, 31 demonstrating that a fraction of these does get converted to symptomatic VL that might facilitate further transmission in their ambience. The knowledge of the actual estimate of Leishmania infection in healthy individuals in an endemic area is difficult to assess due to various reasons such as nonavailability of appropriate diagnostic methods in primary health centers, the lack of skilled personnel, the willingness of residents to participate in epidemiological studies, and other practical issues.
For diagnosis of active VL, the direct microscopic examination and/or culture of tissue aspirates from bone marrow or spleen are considered the gold standard techniques. 11 However, these are ethically inappropriate and impractical for screening large healthy population for Leishmania infection. Therefore, procedures based on minimal invasive sampling, such as serologic analysis or qPCR assay, are more suitable for this purpose. Besides, some investigators used leishmanin skin test (LST), an another useful method for screening subclinical infection in the healthy population, 32 that measures a delayed-type hypersensitivity reaction to Leishmania antigens. Further, LST becomes positive later after infection and persist much longer than antileishmanial antibodies. In addition, seropositivity indicates more recent infection and has been related to disease progression. 33, 34 The present study is the first report to assess the magnitude of the asymptomatic Leishmania infection in villages of Malda and Murshidabad districts in the state of West Bengal, India. Herein, molecular and serological methods were combined to identify Leishmania infection in healthy individuals living in VL-endemic areas. We screened the study population initially with rK-39 strip test, which is simple, easy, and cost-effective point-of-care test. The observed seropositivity at baseline was 3.25%, which was comparatively lower than other reports from Bihar, 5.6%, 14 13.79%, 35 and 13%. 36 These differences could be attributed to variations in size of the study population, ethnicity, and/or the selection of the endemic areas under study. Besides, we observed two seropositive healthy individuals who reported no history of VL. Interestingly, they were found negative for parasite DNA by qPCR assay, which could be due to degradation and clearance of Leishmania DNA after infection, corresponding to the development of protective immunity. 19 Using highly sensitive quantitative PCR method, the observed positivity at baseline was 21.54%, proportionally lower than one earlier study (34.78%) 19 but higher than other studies from Bihar, India that investigated asymptomatic Leishmania cases using conventional PCR with 10% 24 and 7.2% 14 Leishmania infection in the healthy population. Similar observation was also made in the adjoining country, Nepal, another VL-endemic area, that demonstrated 12.5% asymptomatic Leishmania cases. 37 The higher positivity observed in the studies that used qPCR (present study and Sudarshan and others 19 ) may be due to the higher sensitivity of qPCR compared with that of conventional PCR used in other studies.
Notably, combining both molecular and serological methods have slightly increased the baseline prevalence rate of asymptomatic Leishmania infection to 22.35% in the current study. Another study from Bihar reported the lower prevalence rate of 9.8%. 14 The varied rates of asymptomatic Leishmania infections could be multifactorial such as methods used for diagnosis, variation in sample size, geographical areas/climatic conditions, the risk level of population, and immune and socioeconomic status. 38 Among molecular and serological methods, we observed poor agreement (κ = 0.089), the finding in line with two earlier reports. 13, 19 Therefore, the deployment of combined molecular and serological methods rather than one proved superior for screening the human population for the asymptomatic Leishmania infection and that positive serology may not stand necessarily be true for a molecular method of Leishmania detection.
In the current study, a range of parasite load was observed in peripheral blood of the screened asymptomatic Leishmania cases. The cases with high parasitemia are more likely to turn into full-blown VL disease as compared with those with lower parasitemia, as reflected by similar study. 19 Further, routine follow-up is required to know the conversion rate of asymptomatic Leishmania cases or their status of infection. Besides, among individuals with a history of VL, 17.97% were found positive by qPCR, in line with two other reports, one from India 23% 39 and another one from Nepal 26.1%. 37 Persistence of Leishmania DNA and DAT antibodies has been demonstrated immediately after VL treatment both in Sudan and India, 40, 41 whereas during their follow-up DAT remained positive but PCR became negative in the majority of HVL cases. Considering the time lapse following VL treatment (1-20 years), the PCR-positive cases might represent re-infection. Seronegative individuals having positive qPCR test could occur if the individual was bitten by a Leishmania-infected sand fly, either immune response has not yet developed, or antibody levels are not high enough to be detectable by the methods used. Similar findings were made by other investigators from India, where out of 1,068 EHCs seronegative for Leishmania antigen, 31.8% (N = 340) were found positive by qPCR. 19 Besides, the host immunity to TSLA was evaluated in terms of humoral response in different study groups to identify a marker for asymptomatic Leishmania infection. As expected, elevated levels of anti-TSLA IgG were observed in HVL group compared with asymptomatic Leishmania and EHCs, whereas it was found comparable between asymptomatic Leishmania and EHCs groups. Further, only 12% asymptomatic Leishmania cases showed observable IgG level, indicating that level of anti-TSLA IgG in plasma samples does not hold promise for identifying asymptomatic Leishmania cases from HVL in the endemic areas. In addition, the weak negative correlation between anti-TSLA IgG level and parasite load for the asymptomatic Leishmania group implies that the humoral responses do not mirror the parasite load. Therefore, anti-TSLA IgG level is not a good choice for identifying asymptomatic Leishmania cases from HVL and healthy individuals for Leishmania infection in the VL-endemic areas.
There were a few limitations in the study. First is the selection of study area as only two VL-endemic districts were selected. Hence, the observed prevalence of the asymptomatic Leishmania cases cannot be generalized to all VL-endemic areas in the state of West Bengal. Second, not all villagers were willing to participate and so did not attend the camp for clinical examination and investigations.
Although the qPCR method is clearly more sensitive and specific than serological methods, neither approach is perfect. It is evident from our study as well from other studies 14, 19 that some asymptomatic Leishmania cases were found negative by qPCR but had positive serology test. Hence, a combination of both, qPCR to detect parasitemia and serology to identify individuals with high titers, may be an appropriate approach for early monitoring of Leishmania infection in the healthy population who might serve as a reservoir for the disease transmission.
In conclusion, the study identified 22.35% asymptomatic Leishmania individuals among the recruited individuals living in the two VL-endemic districts (Malda and Murshidabad) of West Bengal. Besides, the qPCR method was more sensitive than the serological method in the assessment of asymptomatic Leishmania individuals. Deployment of combined molecular and serological methods proved better approach that effectively estimated the asymptomatic Leishmania infection in healthy individuals living in the endemic regions, and may contribute to early case detection. Furthermore, the knowledge of quantitative estimation of asymptomatic Leishmania individuals in the endemic area will be useful to take appropriate measures for the sustainable elimination of VL from Indian subcontinent.
